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Abstract  
This Master’s thesis describes the results of the work developed for a specific experimental 
aerodynamic laboratory housed at the Technische Hochschule of Ingolstadt, Germany. 
The present work consists in the design of an automated traversing unit that has to serve in a 
specific wind tunnel, which is currently equipped with a simple positioning system not 
operated by a computer and capable of performing a rotation just around a single axis. In this 
context, the design of a new traversing unit is considered a crucial element for the 
improvement of the future experimental analysis of the aerodynamic forces acting on a micro 
air vehicle. 
After an initial critical analysis of the assigned requirements, different strategies to satisfy the 
imposed conditions are implemented and different conceptual solutions are realized.  
The following step consists in the evaluation for merit of the different solutions suggested, 
selecting the one considered ideal for the fulfillment of the project.  
Afterwards, the best configuration is discussed in deeper detail, optimized and finally 
developed.  
All the results obtained in this section have to be considered the effect of a continuous 
cooperation between the Aerodynamics and Structure departments, including the respective 
workshops and laboratories. 
As specifically demanded, a 3D model of all the components forming the traversing unit is 
realized, including the technical drawings and the specific structural tests for the elements 
considered critical. 
The ultimate goal is the delivery of all the calculations, all the technical considerations and 
the programming elements considered necessary for the effective production of the traversing 
unit, within a predetermined deadline. 
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1. Introduction 
 
The experience in wind tunnel activities gathered since the present day at the Technische 
Hochshule of Ingolstadt has led to very effective but simple solutions regarding the holding 
device for the test-object. The wind tunnel operative in the Aerodynamics Department is 
actually equipped with a structure not operated by a computer, capable of sustaining the 
specific test object performing a rotation just around a single axis. This device represents a 
real limitation, because it makes impossible to appreciate simultaneously all the aerodynamic 
forces and momentum components. 
In order to improve the quality of the experimental activity, to obtain a more versatile and 
accurate system and to perform measurements in different configurations, the design of a new 
computer-driven traversing unit capable of rotating around two axes is considered a crucial 
activity. The present Master’s thesis can be considered as the summary of the efforts made to 
achieve this goal.  
The design of the traversing unit can be virtually divided in different logically-connected 
phases.  
The starting point is the critical analysis of the assigned requirements. The following phase is 
the evaluation per merit of the different suggested solutions and the discussion regarding the 
choice and the development of the configuration which were considered optimal. All the 
theoretical considerations regarding the structure analysis are then validated using a 
sophisticated 3D-model-based calculation program. The final step consists in the production 
of the technical drawings -attached to the present report- and of a proper technical 
documentation necessary for the production of each component. 
Since it is considered a key-step, a particular emphasis is given to the selection of all the 
configurations initially proposed and to the discussion about the evaluation of the most 
meaningful requirements. 
This project is strictly connected with a former thesis work concerning the design of a six-
force balance for the wind tunnel measurement. It is realized in cooperation with the 
colleague Michael Eisele, engineering student at the Techinsche Hochscule of Ingolstadt. The 
division of work occurred spontaneously, according to the main skills of each person involved 
in the project: the first part of the work, regarding the planning and the research was mainly 
developed by Mr. Eisele, while I was mainly involved on the technical part, concerning the 
unit development. 
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1.1 About Wind tunnels and traversing units 
According with the NASA definition, wind tunnels are large tubes with air moving inside. The 
tunnels are used to copy the actions of an object in flight. Researchers use wind tunnels to 
learn more about how an aircraft will fly. Some wind tunnels are big enough to hold full-size 
versions of vehicles. The wind tunnel moves air around an object, making it seem like the 
object is really flying. 
Most of the time, powerful fans move air through the tube. The object to be tested is fastened 
in the tunnel so that it will not move. The object can be a small model of a vehicle of each 
kind. It can also be just a piece of a vehicle. It can even be a common object like a tennis ball.  
The air moving around the still object shows what would happen if the object were moving 
through the air. How the air moves can be studied in different ways. Smoke or dye can be 
placed in the air and can be seen as it moves. Threads can be attached to the object to show 
how the air is moving. Special instruments are often used to measure the force of the air on 
the object [11]. 
Wind tunnels can be classified according to the applied wind velocity and according to their 
purpose. For example, low-speed wind tunnels, high-speed wind tunnels, supersonic and 
hypersonic wind tunnels can be defined and used for a broad range of applications from 
aeronautics to automotive or aero-acoustic investigations.   
The Reynolds number is one of the most important parameters for the simulation of flow in 
a wind tunnel. It is a dimensionless number defined as the ratio of inertial forces 
to viscous forces.  
Over the fluid characteristics, density and viscosity, the definition includes velocity and 
a characteristic length or characteristic dimension (Eq. 1.1). 
 
𝑅𝑒 =  
𝜌 ⋅ 𝑉 ⋅ 𝐿
𝜇
=
𝑉 ⋅ 𝐿
𝜈
 
 
Where 
 
𝑉=  mean velocity of the object relative to the fluid 
𝐿 = characteristic length 
𝜌 =  density of the fluid 
𝜇 =  dynamic viscosity of the fluid 
𝜈 = kinematic viscosity 
 
1.1 
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The wind tunnel of the Techinsche Hochshule of Ingolstadt, shown in the following pictures 
(Fig. 1.1, 1.2, 1.3), is a Göttingen type wind tunnel with an open test section, where small scale 
models at low Reynolds numbers are planned to be investigated. 
The cross section of the tunnel is 50x60 cm and the maximum velocity is 45 m/s. A Göttingen-
type wind tunnel is a circular tunnel and has a closed circuit. Wind tunnels according to the 
Göttingen-type may be operated optionally by means of a closed or open section of 
measurements. In the case of this type, the distance between the blower and the section of 
measurements is very large in comparison to wind tunnels designed in a different way. In spite 
of the closed flow circuit, the flows induced by the blower are, however, barely measurable. 
[13]. 
 
 
 Figure 1.1.  Wind tunnel of Technische Hochschule of Ingolstadt  
Figure 1.2. Test chamber detail 1 Figure 1.3.  Test chamber detail 2 
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A traversing unit is a model positioning system used to change the position of a test object 
located in a wind tunnel. The object could be a flying vehicle, a land vehicle or a simpler object 
encounterable in everyday life. 
Changing the position of the object allows to investigate on the effect of the wind in a wide 
range of configurations.To be specific, the project requests a small and accurate traversing 
unit, able to change the angle of attack and the angle of sideslip of a micro air vehicle. 
According with the Boeing definition, the angle of attack (AoA) is the angle between the 
oncoming air or relative wind and a reference line on the airplane or wing. Sometimes, the 
reference line is a line connecting the leading edge and trailing edge at some average point on 
the wing. Most commercial jet airplanes use the fuselage centerline or longitudinal axis as the 
reference line. It makes no difference what the reference line is, as long as it is used 
consistently [10]. 
The sideslip angle, also called angle of sideslip (AoS), relates to the rotation of the aircraft 
centerline from the relative wind. It is usually assigned to be "positive" when the relative wind 
is coming from the right of the nose of the airplane. The sideslip angle is essentially the 
directional angle of attack of the airplane. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
14  
 
2. Planning and research 
 
The first period of the work was spent planning the entire project, which was divided in 
different steps organized according to the time needed and the contents.  
The research step consisted on the individuation of the right books or academic papers, to 
use like a guideline in agreement with the common engineering way of working in mechanical 
design.  
Simultaneously, an accurate internet research was conducted to find existing solutions about 
traversing units or similar mechanical machines, in such a way to facilitate the starting phase 
of the work.  
Not a lot of information are available on literature and on the web but some useful images 
and documents about traversing units worldwide were anyway found. The main problem 
about the available information is related to the dimension of the wind tunnel. A lot of 
electronically moved traversing unit exist, but most of them are used on big wind tunnels, 
with test objects much bigger with respect of our case. 
The planning and research together with the drafting of the specification sheet were necessary 
tool to carry out the conceptual design phase.  
A CAD model of the test chamber of the wind tunnel was also realized, using the software 
CATIA®. This model will be useful to visualize the space available for the unit that has to be 
designed. 
 
 
2.2 Mind map and timetable 
With the software Mind Map® a conceptual map was designed. The map was really useful to 
put together all the starting ideas in a quick way.  
“Visualize” the steps is a comfortable way to make the work easier. 
In Fig. 2.1 a detail of the conceptual map is reported. 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
15  
 
 
Figure 2.1.   Mind map detail 
 
The project was divided in five main steps. Planning, research, concept generation, unit 
development and implementation. The objective of the thesis was to conclude at least the 
unit generation within the available time. 
In order to make the work more efficient, a timetable was created and filled using the software 
Microsoft Excel® (Fig. 2.2). The table contained the description of the project phase, the 
activities that should be executed and an estimation of the time necessary for each step and 
for the complete design. 
 
 
Figure 2.2. Timetable 
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The planning operation was completed with the research and the individuation of useful 
books regarding the project design and the engineering design.  
 
 
2.3 Specification sheet 
According to the professor's guide line, the specification sheet (Fig. 2.3) was written respecting 
the boundary imposed by the geometry, by the constructive dimensions and by the functions 
that the assigned machine had to perform. Obviously, the test chamber size of the wind tunnel 
imposed a size limit for the traversing unit. Other important geometry limits were indicated 
by the operating field: the device has to operate in a wind tunnel test chamber disturbing the 
wind flux less than possible, in order to do not excessively alter the experimental results. 
The kinematics boundaries were naturally assigned by the functions of the traversing unit, 
which has to make possible the rotation around the assigned axes, in order to permit a wide 
range of experiments. 
Some important conditions have been provided from the measuring limit of the six force 
balance, constructed to be mounted with the assigned traversing unit, to measure 
aerodynamic forces and moments that act on a test object during the experiments. 
Signal conditions result from the interface with the LabView® software and from the necessity 
to have a digital feedback about the rotation. 
The traversing unit was also required to be removable from the balance during an 
experimental campaign, with the possibility to be mounted again on it later, on the same 
position. 
This make the balance usable also with other devices and not only with the traversing unit 
that was designed. 
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Figure 2.3.  Specification sheet 
 
The most important information on the specification sheet is about the range of the angles 
reachable by the test object. The range of the angle of attack has to be comprised at least 
between -60° and + 60°, about the angle of sideslip the test object has to be free to rotate from 
-180° from +180°. The traversing unit must be able to provide steps of rotation of at least 0.1°. 
The maximum height of the traversing unit will be evaluated after the measurements of the 
test chamber of the wind tunnel. The test object in fact has to be positioned not so far from 
the center of the test chamber, so that the flow that invests it is undisturbed. 
The weight of the test object has to be supported by the traversing unit, and was fixed at about 
0.5 kg.  
####
A: MEI, MAS
No. Specification Description Quantity Unit D/W
1. Geometry 1.1 TU size The TU does hold the test object (TO) centered in the optimal area for testing D
1.2 Connector size The connector size is as small as possible (will be integrated into not yet existing models) D
1.3 Connector size The connection between the traversing unit and the test object must be realised inside a minimal area diameter < 15 mm D
1.4 Arrangement The quality of the air stream has to be preserved as much as possible cw < cylinder d = 15 mm D
1.5 Sting size The sting bottom diameter has to fit the 6F - Balance (clamping device) 15 mm D
2. Kinematics 2.1 Rotation around y-axis The change of the angle of attack of the test object happens within a defined amplitude ± 60 deg D
2.2 Rotation around z-axis The change of the angle of sideslip of the test object happens within a defined amplitude ± 180 deg D
2.3 Velocity The change of angle has to be finished in a defined amount of time 1 deg/s W
2.4 Kinematics during testing No movement of the system allowed during testing procedure D
2.5 Positioning after rotation The Rotation process may not change the y-, x- or z- positioning of the TO (also see 1.1) D
2.6 Positioning increment The TU is able to approach positions in exact defined steps 0,1 deg D
3. Forces 3.1 Force in z-direction The TU has to withstand the forces occuring implied through air stream  and weight 16,5 N D
3.2 Force in xy-plane The TU has to withstand the forces occuring implied through air stream  and weight 16,5 N D
3.3 Force around xy-plane The TU has to withstand the forces occuring implied through air stream  and weight 5 Nm D
3.4 Weight TU The weight of the TU on the balance has to be minimized < 7 N D
3.5 Weight Air Vehicle The weight of the Micro Air Vehicle is endured 5 N D
3.6 Force around z-axis The TU has to withstand the forces occuring implied through air stream  and weight 1 Nm D
4. Energy 4.1 Supply The TU recieves electrical energy as input D
4.2 Conversion The TU transforms the supplied energy directly to movement energy D
5. Material 5.1 Material properties The used material for the TU is rust free D
6. Signals 6.1 Input/Control equipment The TU recieves its inputs from LabVIEW D
6.2 Interdependency The Forces / Kinematics / Geometry keep the influence on the measuring process as small as possible D
6.3 Possibilty to verify the angle The user gets a digital feedback about the reached angle D
7. Production
9.1 Repair The TU can be easily accesed and parts exchanged or repaired W
9.2 Handling The TU can be easily removed together with the sting from the balance (the exact repostioning must be assured) D
10. Costs 10.1 Costs The overall costs for the TU and the project is limited (as cheap as possible as expensive as needed) max. 5000 € D
Specification Sheet 
Traversing Unit
8. Quality 
Control
9. Mainte-
nance
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Important information about the applicable limit load came from the six-force balance. 
The balance in fact is able to measure at least 16.5 N in each direction. In –z direction there is 
also the weight of the traversing unit and of the test object to hold. There is not any 
information at this time about the aerodynamic load generated on the test object and this is 
the reason why all the load considerations are mainly based on the measurable limit of the 
balance. 
 
 
2.4 Construction space and test chamber CAD model 
A visualization of the constructing space (Fig 2.5) and of the main functions of the traversing 
unit object of the thesis was realized through the software AutoCAD® and Power Point®. The 
produced images were integrated with a basic CAD model of the test chamber of the wind 
tunnel, in order to have a good instrument to check the dimensions of the traversing unit 
during the design step (Fig 2.4). On the test chamber a rail that will be used as a base platform 
for the mounting of the traversing unit is present. 
The most important information coming from the measuring of the dimensions of the test 
chamber is the vertical distance between the rail and the center of the test chamber involved 
by the flow. This point is in fact the point where it would be better to place the test object, so 
that it would be invested by the fluid in a more uniform way. 
This distance is 530 mm. 
 
 
    Figure 2.4.  Test chamber CAD model 
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 Figure 2.5.  Construction space 
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3. Concept generation 
 
The concept generation consisted of identifying the functions of the unit that had to be 
designed and of offering different solutions for its realization. In addition to the possible 
configurations to design, the main parameters required in the instruments to purchase, as for 
example the electric actuators to move the unit, were identified. 
Several catalogs with all project proposals were prepared, aiming at a better final evaluation 
of the solutions proposed, in order to choose the one that best met the design requirements. 
 
3.1 Function structure and solution catalogue 
A schematic function structure scheme was developed to synthesize the input, the output and 
the main functions of the device. 
 
 
Figure 3.1. Function structure 
 
The traversing unit has to be moved by electrical actuators, and is requested to have a 
feedback of the motion effective done from the motors. For this reason in input we have 
electrical energy and a signal that indicate the –z and –y position. The other input is 
represented from the test object.  
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Changing the electrical energy into movements around the assigned axis, and realizing a way 
of transmission of those movements to the test object will allow to perform the main function.  
The test object moved, output of this scheme, has to be also held in the reached position from 
the actuators. The other outputs are represented from the feedback signal received. 
The functions of the traversing unit were divided into four major sub-functions, called A, B, 
C and D. 
For all of the sub-functions different technical solutions were proposed, in order to choose 
the best one in a wide range of options, following some important criteria illustrated below 
on this chapter. 
The four sub-functions are: 
A. Change electrical energy into movement, -z axis 
B. Connect movement with Test Object around -z axis 
C. Change electrical energy into movement, -y axis 
D. Connect movement with Test Object around -y axis 
 
3.1.1 Sub-function A 
The sub-function A is the one regarding how to change the electrical energy into 
movement around the –z axis. This rotation is the one that allows to change the angle 
of sideslip of the test object.  
To perform this function is not necessary invent anything, because there are many 
electronic devices on the market that allow to rotate a mechanical component around 
an axis simply connecting the two elements. 
The research always gave results on the same solutions. The types of electrical motors 
on commerce ideal to perform the required function are mainly two and both pretty 
similar.  
A stepper motor and a rotation stage.  
 
 
Solution A.1 
A rotation stage (Fig 3.2) offer a higher precision and a really wide and simple range of 
solutions for a direct connection with the balance and the main sting of the traversing 
unit. On the other side, the high cost is a significant limit in the choice of this device 
as a power unit for the rotation around -z axis. 
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    Figure 3.2. Rotation stage 
 
Solution A.2 
The main advantage of the stepper motor (Fig. 3.3) is the cost. It is cheaper than the 
other solution. On the other side, it offers a restricted number of rotation steps and the 
rotation must be amplified and transferred to the corresponding axis. 
 
 
  Figure 3.3. Stepper motor 
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3.1.2 Sub-function B 
The sub-function B concern the way of transferring the movement from the actuator 
to the test object, again about the angle of sideslip. 
This sub-function left more space to solutions "to invent", combined with the use of 
just existing device. 
Combined with the stepper motor, two ways appeared possible. Others configurations 
have been thought with the use of different kind of devices. 
 
Solution B.1 
The idea is strictly connected with the use of the stepper motor. 
The solution provide the utilization of an angular gear (Fig. 3.4), an integrated system 
which had also the possibility of torque amplification, that allows to mount the stepper 
motor in a different position with respect the -z axis direction.  
Designing the right connection device between the stepper motor and the angular gear 
and between the angular gear and the test object can be possible changing the angle of 
sideslip of the test object, in such a way of having different possibilities about the 
mounting position of the traversing unit. 
 
 
   Figure 3.4.  Angular gear 
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Solution B.2 
The second solution is the simplest one and it is also connected with the use of a 
stepper motor. 
The rotation around the –z axis is allowed mounting directly the traversing unit on the 
stepper motor using a coupling device like, for example, the one shown on Fig. 3.5.  
The main limit of this solution is that no torque amplification is realizable so the 
stepper motor needs to have enough holding torque (5 Nm as from specification sheet). 
 
 
  Figure 3.5. Coupling device 
 
 
Solution B.3 
Another way thought out to perform the sub-function B consists of using a belt 
transmission. This device guarantees a good torque amplification (Fig 3.6). 
This solution appeared immediately not a good one for many reasons such as, for 
example, the necessity of a pre-stressing of the belt, with the correct intensity, and 
because of the necessity of additional bearings.  
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   Figure 3.6. Belt transmission. 
 
Solution B.4 
Another option was the use of a goniometric stage.  
The idea was to mount a goniometric stage on top of a vertical sting and then link the 
test object with the goniometric stage through another sting on the rear part of the test 
object (Fig. 3.7).  
More details about the goniometric stage will be reported on Section 4.1.3.  
The main problem of this option is the size and the big interference with the outflow. 
 
 
   Figure 3.7. Combination of two goniometric stage 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
26  
 
 
Solution B.5 
The last option proposed is a combination of two linear stages (Fig 3.8). 
The idea was to position two linear stages perpendicular on the ground, and link the 
test object through two vertical stings. 
Ensuring the perfect synchronism between the two linear movements, the test object 
can change the angle of sideslip. This solution needs more components than the others 
and a very accurate synchronism between the two linear stages. 
 
 
   Figure 3.8. Linear stage combination 
 
3.1.3 Sub-function C 
The sub-function C concerns how to change the electrical energy into movement 
around the –y axis. This rotation is the one that allows to change the angle of sideslip 
of the test object.  
The research about existing devices that allow this rotation brought to two simple and 
very good solutions. 
 
Solution C.1 
A useful device to satisfy the C function is a linear actuator (Fig 3.9).  
A wide range of linear actuators is available on the market and the work was focused 
on the choice of the one that could better satisfy the request of the project.  
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The main requirements for the actuator must be the small size and the precision on 
micro movements.  
Using a linear actuator in order to change the angle of attack means that a mechanism 
to transform a linear movement in a rotation movement is needed. 
 
 
   Figure 3.9. Linear actuator 
 
Solution C.2 
Another interesting device is a goniometric stage (Fig. 3.10).  
This device consists of a small base positioned in a curved rail. Moving on this rail, the 
base changes angle rotating always around the same center. 
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  Figure 3.10. Goniometric stage 
 
 
3.1.4 Sub-function D 
The sub-function D concern the way of transferring the movement from the actuator 
to the test object, therefore how to change the angle of attack. 
 
Solution D.1 
An option is to realize the connection between the traversing unit and the test object 
in two points (Fig. 3.11). 
This solution consists of a main sting that holds the test object. On this main sting, a 
linear actuator with a hinge is linked. The linear actuator is connected on top in a 
different point of the test object through another hinge.  
The linear movement of the linear actuator allows the rotation around the hinge 
between the main sting and the test object. 
This solution exposes an uneven area to the flux, depending on the rotation. 
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   Figure 3.11. Two point connection 
 
 Solution D.2 
The second proposed solution (Fig. 3.12) features the utilization of a belt to transmit 
the movement. This is a one point connection solution and the system needs to be pre-
stressed. 
 
 
   Figure 3.12. One point connection with belt 
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 Solution D.3 
The fixed one point connection to the rear, shown on Fig. 3.13, consisted of a main sting 
in which, on the top, is positioned a stepper motor. This stepper motor is also linked 
with another horizontal sting linked in turn to the rear part of the test object.  
This solution leaves the underbody of the test object free from interference but in 
contrast there is a big interference on the airflow on the exit of the test chamber.  
This solution include also a big torque force on the stepper motor. 
 
 
   Figure 3.13. Rear one point connection 
 
Solution D.4 
With the use of a decoupling actuator another solution has been proposed (Fig. 3.14) 
A ring construction around a bar creates the possibility for the actuator to temporarily 
transfer force into the joint that links the main sting with the test object. When the air 
vehicle reaches the desired pitch angle, the actuator makes a relieving movement into 
the opposite direction.  
A mechanical brake mechanism at the main joint has a high enough friction to endure 
the forces of the wind tunnel but still allowing movement induced by the forces of the 
actuator. 
Obviously a really accurate brake system is required at the main connection point.  
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   Figure 3.14. Decoupling actuator solution 
 
 Solution D.5 
A two axis goniometer stage (L-shape) is also a good device to perform the D sub-
function. 
A vertical placed rotatory actuator changes the pitch angle of the air vehicle as well as 
the actuator responsible for the change of the yaw angle (Fig 3.15).This solution allows 
the pitch actuator to carry the yaw actuator, the balance and the air vehicle.  
A big interference appears on the underbody and this device results expensive 
considering the budget of the project. 
 
 
   Figure 3.15. Two axis goniometric stage 
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Solution D.6 
The idea shown on Fig. 3.16 consists of a combination of a linear actuator and a linear 
stage. 
A linear stage compensates the x-movement induced by the linear actuator. 
With this solution the z- position of the object is still alternating and one more actuator 
with respect to the other solutions is needed. 
 
 
   Figure 3.16. Linear stage and linear actuator combination 
 
 Solution D.7 
The last solution consists of a simple mechanism in which the main sting is divided in 
two parts. Between the two parts there is a stepper motor which rotates the upper part 
of the sting, changing the angle of attack of the test object.  
This means that there is a high torque moment on the stepper motor and more weight 
on the balance (Fig. 3.17). 
 A small area is exposed to the flow but the -x and -z position change during the 
rotation, not fully satisfying the demands of the specifications. 
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   Figure 3.17. Underbody one point connection 
 
All proposes were resumed in a solution catalogue, using the software Microsoft Power 
Point®, in order to have a simple and immediate possibility of visualization of the 
different options. This made the choice of the configuration to realize much easier. 
 
3.2 Solution evaluation 
All the solutions listed above were resumed on the morphological box. This document is a 
simple Microsoft excel® file that shows in a compact way all of the analyzed and proposed 
solutions. 
To choose the best one different parameters were considered. 
Three major criteria were identified for the evaluation: Result interference, Cost and 
Simplicity. 
 
 Result interference: Result interference means the ability of the solution to keep the 
unpredictable impact (forces, moments) on the balance as small as possible. This 
includes to keep the surface of the construction in the air stream low and to ensure the 
capability of the construction to carry the balance, rather than the balance carrying the 
construction. Furthermore, the stiffness of the system is taken into consideration. 
 
 Cost: Cost includes the estimated cost for the actuators and their controlling 
equipment including the interface to the computer. For the connection of the actuator 
force around the corresponding axis, cost contains the machine elements and parts 
that need to be manufactured. 
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 Simplicity: Simplicity stands for the construction being not over-engineered and 
therefore easily handled, maintained and repaired (which should always be the case in 
a simple construction). Furthermore, simplicity implies a construction which can be 
easily purchased, mounted and initiated, making the project controllable regarding 
cost and giving it a conceivable time limit. 
 
The three major criteria were compared to individuate the relative weight on the project of 
each one. (Fig. 3.18) 
 
 
  Figure 3.18. Criteria ranking 
 
Making a balance between the three criteria, the result interference appeared the most 
important, followed by cost and simplicity, which had the same importance.  
Once this relative weight was evaluated, a comparison between the different ideas to realize 
the same sub-function was made. 
A rating range was proposed to evaluate the different solutions.  
An evaluation number has been associated with certain degrees of satisfaction of the request, 
according to the following scheme: 
 
0 Disappointing conformance to expectation 
3 Mediocre conformance to expectation 
6 Ideal conformance to expectation 
 
The comparison is detailed shown on the following Sections. 
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3.2.1 Best A solution 
As shown on Fig. 3.19, the best A solution, regarding the power unit for the rotation 
around –z axis, resulted to be the rotation stage.  
The result interference and the simplicity made the difference on this balance. In 
particular the rotation stage already has a simple connection interface, which greatly 
simplifies the design of the connection between the traversing unit and the rotation 
stage. 
The rotation stage gained 5.4 points against the 2.4 of the stepper motor. 
 
 
   Figure 3.19. Best A solution evaluation 
 
3.2.2 Best B solution 
Regarding the B solution (Fig. 3.20), it was not necessary to evaluate the best 
alternative, because the rotation stage choose for the A function already has an 
interface in order to be connected with a mechanical part.  
Later, in the development phase, a platform designed to link the rotation stage and the 
six-force balance will be illustrated. 
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   Figure 3.20. Best B solution evaluation 
 
3.2.3 Best C solution 
The linear actuator gained an evaluation number of three in each major criteria, and 
proves to be the best solution in this field, because the alternative, a goniometric stage, 
resulted to be not applicable on this specific problem after the choice of the rotation 
stage as device to allow the rotation around the –z axis.  
The competitor of the linear actuator was the stepper motor, and it not turned out to 
be a good solution because of the bad evaluation about the simplicity criterion. 
The rotation around the -y axis with a stepper motor in fact, would mean having to 
think about a connection directly linked with the test object, in order to make the 
traversing unit no longer universally usable or, however, making the adaptation of 
different types of test objects to it, much more complicate. 
The Fig. 3.21 and 3.22 shown the results of the comparison. 
The linear actuator gained in total 3 points, against the 2.4 of the stepper motor. 
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   Figure 3.21. Best C solution evaluation 1 
 
 
   Figure 3.22. Best C solution evaluation 2 
 
3.2.4 Best D solution 
The designed solutions, either with one or two connection points, resulted to be all 
valid alternatives. For this reason, a more accurate study about this kind of solutions 
was effectuated, in a way to have a better definition of the design solutions, and to 
properly decide which one is the best. 
Regarding the two connection points, a solution with two micro points of connections 
and a hull was proposed.  
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This options became one of the preferred possibilities after a preliminary research 
about the linear actuators. This research showed the advantages of using a micro linear 
actuator.  
The small dimensions of the test chamber, and consequently of the traversing unit to 
design, was one of the main problems to face since the preliminary phase of the study. 
This is why a micro linear actuator immediately seemed a very good solution to best 
exploit. 
The mainly considered one point connection solution was the one involving the use of 
the transmission belt previously discussed. 
Evaluating the various features, the solution with two connection points directly on 
the test object resulted to be the best (Fig 3.23, 3.24, 3.25).  
The winning parameter was undoubtedly the simplicity of implementation compared 
to the other options proposed. 
Considering the fact that the linear actuator previously resulted as the best tool for the 
C function, proposals D.1 and D.4 already included the use of it.  
Between the two options, the D.1 resulted, to a first analysis, clearly better from the 
point of view of simplicity of implementation and applicability. 
 
 
   Figure 3.23. Best D solution evaluation 1 
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   Figure 3.24. Best D solution evaluation 2 
 
 
   Figure 3.25. Best D solution evaluation 3 
 
The solution evaluation brought to a good summary of the main characteristics and designing 
options for the traversing unit. 
The first fixed point of the evaluation is that the rotation stage is the device that definitively 
allows the rotation around the –z axis, changing in this way the angle of sideslip.  
Thanks to the characteristics of the rotation stage, this results to be also a good base for the 
entire traversing unit, providing an excellent starting point for the design. 
Following the result of the evaluation, the idea is to put the balance directly on the rotation 
stage, and then, put the main sting of the traversing unit on the balance.  
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This main sting needs to be designed in order to guarantee an accommodation or a link for 
the linear actuator. 
A mechanism that transforms the linear movement into a rotation must be designed as well, 
in a way to allow the rotation around the –y axis, and, through that, to change the angle of 
attack of the test object mounted on top of the traversing unit. 
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4. Unit development 
 
The unit development regarded basically the CAD modelling of the traversing unit.  
Firstly, the best solution between two proposed final constructions was chosen, according to 
the conclusions resulting from the solution evaluation.  
At this point a basic modeling of the body of the unit was realizable, in parallel with the offers 
at the actuators suppliers.  
Just after the definitive choice of the two actuators, the accurate modeling of the traversing 
unit was possible, taking into account the dimensions of the electric motors.  
An analysis on the efforts and deformations generated on the structure was finally made to 
choose the rights materials for the unit. 
 
4.1 Given dimensions 
A preliminary assembly group was designed, in order to give the boundary dimensions of all 
the components. 
Starting from the bottom, the first component of the traversing unit is the rotation stage that 
changes the angle of sideslip of the test object, holding all the construction. Because of this, 
the weight of all the structure will have a relevant importance on the outcome of the project. 
According with the specification sheet, and after a consultation with the supervisor, the 
rotation stage was required to support at least the following torques: 
 
𝑀𝑥 = 7 𝑁𝑚 
𝑀𝑦 = 7 𝑁𝑚 
𝑀𝑧 = 8 𝑁𝑚 
 
On the rotation stage the six force balance has to be mounted.  
The balance was already designed by another student, for a previous thesis work. For this 
reason the balance gave some important reference dimensions during the design phase. 
The height of the balance is 150 mm, and it is already provided with a housing for the 
connection with the main sting. The holes diameter of this connection is 19 mm (Fig. 4.1). 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
42  
 
 
                       Figure 4.1. Given dimensions 1 
 
The idea was to use the main sting as a case for the linear actuator, in a way to make the 
structure as compact as possible.  
Considering the available construction space, a height of about 250 mm for the sting and an 
outside diameter of 30 mm were fixed. On top of the main sting there is a guiding rod and a 
retaining rod. The test object is linked with both of the rods through a hinge. The guiding rod 
is linked with the linear actuator and, with its up and down movement, changes the angle of 
attack of the test object. 
The distance between the center of the guiding rod and the retaining rod was defined turning 
radius. 
Depending on the turning radius of the micro air vehicle, the advancement of the actuator 
necessary to change of 0.1 degrees the angle of attack was established. Two exemplifying 
options were proposed. With a radius of 7 mm, the actuator’s stroke requested for the above-
mentioned modification of the angle of attack is 12.2 µm. If the radius is 14 mm, the stroke 
becomes 24.4 µm. 
These numbers gave two options for the minimum travel range of the linear actuator which 
was necessary to carry out the task. The minimum ranges resulted 17 mm or 34 mm, depending 
on the chosen radius. 
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           Figure 4.2. Given dimensions 2 
 
As shown on the Fig. 4.2, the expected estimated total height of the traversing unit was 
between 400 mm and 500 mm. 
 
4.2 Actuator offerings 
After the preliminary assembly design a resume of the characteristics requested to the linear 
actuators and to the rotation stage was possible (Fig. 4.3). 
With regard to the rotation stage, the accuracy of at least 0.1° and the capacity to hold a torque 
of at least 5 Nm resulted be the most important parameters. 
The linear actuator is required an accuracy considerably higher, in such a way to realize the 
rotation mechanism positioning the two small rods connected with the test object as close as 
possible. Considering a preliminary overview about the linear actuator properties, this 
accuracy was fixed in at least 2 μm.  
The linear actuator has also to hold and move the test object that has its own weight. For this 
reason, the device is required to develop a force of at least 20 N on its axis direction, on both 
ways.  
Other limitations about the diameter and the weight of the actuator were established, for the 
reasons below explicated. 
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       Figure 4.3. Actuator demands 
 
Numerous actuators were analyzed, until the field was restricted to the ones that better 
satisfied the required features.  
After a consultation with Professor Özger, the budget available for the purchase of the 
electronic components was decided. Set all the conditions, it was possible taking a decision 
about the actuators. 
Regarding the linear actuator, two devices have been identified for the final choice (Fig.4.4). 
The narrower range in this case is due to the particular precision characteristics of the object, 
the requested displacement in fact is of the order of magnitude of micrometer. 
 
 
           Figure 4.4. Linear actuators offerings 
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The device produced by physikinstrumente resulted appropriate to perform the function, 
mainly because of the price and the accuracy. 
The main dimension of the actuators has also the function of guide line for the design of the 
main sting. The diameter and the height of the linear actuator have particular relevance on 
the project.  
The external diameter is 19 mm, and the height is 191 mm of the body plus the stroke. The 
chosen maximum stroke of the device is 25 mm. The Fig. 4.5 shows the technical drawing of 
the linear actuator. 
 
 
    Figure 4.5. Linear actuator technical drawing 
 
The Table 4.1 reports the specification of the model M-230.25 chosen for the traversing unit. 
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 M-230.25 High-precision, with DC gear motor Unit Tolerance 
Motion and positioning    
Travel range 25 mm  
Integrated sensor Rotary encoder   
Sensor resolution 2048 cts./rev.  
Design resolution 0.0046 µm typ. 
Min. incremental motion 0.05 µm typ. 
Backlash 2 µm typ. 
Unidirectional repeatability 0.1 µm typ. 
Velocity 0.8 mm/s max. 
Reference point switch repeatability 1 µm typ. 
Mechanical properties    
Drive screw Leadscrew   
Thread pitch 0.4 mm  
Gear ratio 42.92063:1   
Motor resolution – steps/re
v. 
 
Push / pull force 70 N max. 
Permissible lateral force 20 N max. 
Drive properties    
Motor type DC motor, gearhead   
Operating voltage 0 to ±12 V  
Electrical power 2 W nominal 
Limit and reference point switches Hall-effect   
Miscellaneous    
Operating temperature range -20 to 65 °C  
Material Aluminum anodized, chrome steel, brass   
Mass 0.35 kg ±5 % 
Cable length ±10 mm  
Connector 15-pin sub-D, incl. encoder driver   
Recommended controller/driver C-863 single-axis. C-843 PCI board, for up to 4 axes   
Table 4.1. Linear actuator specification 
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In order to choose the rotation stage a wider range of options was available (Fig.4.6). 
 
 
Figure 4.6. Rotation stages 
 
Initially, it seemed a good idea to purchase the device proposed by physikinstrumente to 
reduce the necessity of communication with different companies, also in case of possible 
problems. 
The device produced by Isel, however, resulted largely cheaper than the other and still able to 
fully satisfy the project requirements. The controller for this device was also already present 
in the university. 
The weight of the unit does not result to be a problem in this case, because the rotation stage 
is the base of the traversing unit and is fixed on the rail of the wind tunnel test chamber. In 
Fig. 4.7 and Tab. 4.2 the technical drawings and the specifications of the motor of the rotation 
stage Isel ZD 30 chosen for the traversing unit are illustrated. 
 
 stepper motor MS 045 HT Unit 
Reduction ratio 0.0625  
Output speed 0 - 40 [1/min] 
Operating torque (0 - 1600 Hz)  12 [Nm] 
Rated holding torque (static load) 20 [Nm] 
Min. step (positional accuracy)  2.5 [arcmin] 
Weight  2.9 [kg] 
Table 4.2. Rotation stage motor specification 
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          Figure 4.7. Rotation stage technical drawing 
 
 
4.3 Two main solutions: analysis and choice 
The given dimensions show a serious conflict with the specifications about the diameter of 
the main bar. From the specification sheet this can be at least 15 mm, in order to do not disturb 
too much the flow, modifying the experimental results. 
It became necessary to consider the idea of a major diameter because of the results of a 
preliminary overview about linear actuator. All the actuators in fact showed a diameter that 
was not compatible with a main sting with a diameter of 15 mm. 
To find a solution to this problem two possible configurations were proposed, among which 
the definitive one was chosen. 
The structure of the traversing unit is the one proposed on Section 5.1, with an important 
difference on the main sting. 
The solution 1, shown on Fig. 4.8, provides the division of the main sting in two parts. The 
part below is the housing of the actuator and should not enter on the part of the test chamber 
interested by the flow. In this way the upper part of the sting has to contain only the two rods 
to hold and move the test object, requiring a smaller diameter. 
A preliminary calculation about the total height of the structure gave a result of 675 mm. 
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This means the necessity of lower the rail already present in the wind tunnel to use as 
mounting platform for the traversing unit, in a way to place the test object on the right 
position of the test chamber. 
 
 
        Figure 4.8. Solution 1 
 
The second configuration provides that the main sting is a single piece of larger diameter with 
respect to the previous solution. In this way the main sting contains both the linear actuator 
that the rods to hold and move the test object.  
With this solution, the main sting diameter has necessarily to be higher, creating again the 
problem of the flow disturbance. 
To work around this problem the creation of an aerodynamic fairing for the main sting has 
been proposed to make the output flow of the main sting less turbulent (Fig. 4.9). 
The total height results now about 550 mm, allowing a good positioning of the test object 
without having to intervene on the starting height of the structure. 
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       Figure 4.9. Solution 2 
 
 
4.4 CAD modeling 
The technical drawing step was the one that required the main part of time. The modeling 
has been realized using the software CATIA V5®. During this step a lot of problems appeared 
to the team, and quick solution were needed, in order to adapt each modification to the entire 
design, without put in doubt the choices made until that moment.  
For each component a 3D model and a technical drawing have been realized and reported on 
appendix. 
 
4.4.1 Rotation stage support 
The rotation stage support is a sub-assembly composed by two different components. 
Two plates with some holes are joined by screws, forming a T shape support (Fig. 4.10). 
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The design of this component was necessary due to the mounting predisposition of the 
purchased rotation stage. It presents in fact the installations holes with axis 
perpendicular to the axis of rotation of the actuator plate while the rails present in the 
wind tunnel, provided as mounting base of the positioning system, have predisposed 
mounting connections through bolts with axis parallel to the axis of rotation of the 
actuator.  
With this component the problem is solved, and the rotation stage, which in turn will 
have the task of support the total weight of the traversing unit, including the test 
object, can be mounted into the wind tunnel. 
 
 
        Figure 4.10. Rotation stage support 
 
4.4.2 Balance base and support 
Both the purchased rotation stage and the six force balance included a connection 
interface.  
The design of a mechanical piece capable of interfacing with the two components was 
thus necessary in order to rotate with the rotation of the actuator, putting in rotation 
the balance. 
The balance support is composed by a circular dish, connected with the rotation stage 
through four screws. There are two supports mounted on the dish and they are 
designed to interface with the device holding the balance, already fitted with it            
(Fig. 4.12).  
The housing provided in the balance to accommodate the main sting of the traversing 
unit does not coincide with the center of the support of the balance.  
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To avoid that during the rotation around the -z axis, the center of rotation of the test 
object rotates too, will be necessary to define with great accuracy the position of the 
two supports provided on the balance base (Fig. 4.11). 
On the main dish a small vertical bar is also screwed. This bar has no structural 
function in the project, but the cables of the linear actuator will be fixed on it in such 
a way of not creating problems during the rotation of the rotation stage, and then 
during the experiments. 
The external diameter of the base plate is 135 mm, and it is dictated by the presence of 
the side wall for the anchor of the actuator. 
 
 
4.4.3 Housing and linear actuator connection 
The housing of the linear actuator is also the main sting of the traversing unit, through 
its base it allows the transmission of the forces, acting on the test object during the 
experiments, to the balance.  
It was originally designed as a unique part. The geometry in fact is really simple and 
consists of a tube with just a different diameter on the bottom, and a flange on top. 
The difference between the bottom diameter and the body diameter is due to the 
difference between the connection hole of the balance, and the dimension of the linear 
actuator. 
The hole that allows the linking between the balance and the main sting, has a diameter 
of 19 mm exactly the same of the linear actuator. So that, and because of the guiding 
rod shown on the following, the diameters of the body of the main sting have to be 
necessary different from 19 mm.  
Figure 4.11. Balance and balance connection device Figure 4.12. Balance base and support 
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After a later analysis about the total weight of the traversing unit, and the efforts acting 
on the components, the traversing unit resulted too heavy and one of the component 
less stressed. 
Because of this the decision to buy a carbon fiber tube (saving a lot in terms of total 
weight) was made. The tube has an internal diameter of 22 mm and an external 
diameter of 25 mm and is not modifiable. For this reason it was decided to split the 
housing into three components: the top, the body and the bottom (Fig. 4.13). 
The bottom and the top will be connected with the body through a special glue 
available on the laboratory of the university, as suggested by the laboratory technicians.  
A small pin was positioned on the base component (Fig. 4.14), in order the guarantee 
the perfect repositioning of the traversing unit in case of disassembly and reassembly 
from the balance.  
The top of the housing (Fig. 4.15) present a flange, in a way to be linked with the sting 
cap, shown on the following, through three bolts. 
The height of the housing will be determined after a calculation about the height of 
the rods connected with the test object, the housing has to contain the linear actuator 
and part of the guiding rod ensuring all the necessary space to the piston stroke of the 
actuator. 
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     Figure 4.13. Housing 
 
As from instructions of physikinstrumente the linear actuator can be hold just from a 
threaded part situated on top of it. The diameter of this part is small, and a solution to 
hold the linear actuator on the tube became necessary.  
Commercially many different kinds of clamping devices are available and one of those 
was chosen to realize the connection. 
 
 
Figure 4.14. Bottom with positioning pin Figure 4.15. Top with flange 
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  Figure 4.16. Clamping device 
 
The clamping device chosen, shown on Fig. 4.16 has the external diameter of 22mm, 
coincident with the internal diameter of the tube. A threaded sleeve has been planned 
to realize and screw on the retainer part of the linear actuator. The sleeve will be then 
inserted on the internal diameter of the climbing device.  
This part of the project was changed at the last minute. The change was necessary 
because the thread of the actuator is not an ISO1 metric screw threads provided by the 
international system, but a UNS2  thread, used just for special purposed. 
The instrument to realize this thread on the sleeve connection resulted really hard to 
find. It is so chosen, after consulting with the laboratory technicians, for the realization 
of a locking ring of cylinder shape with a cut parallel to its axis. In this way, it holds the 
linear actuator for compression, once that the screws of the clamping device have been 
tightened. As the efforts acting throughout the structure resulted not so high, this was 
assessed as an acceptable solution, however, easy to implement with a more detailed 
study. 
 
4.4.4 Guiding rod and actuator connector 
The guiding rod is the component that move the test object, rotating it around the –y 
axis and changing the angle of attack, through the top rod. It consists of two sub-
components. 
                                                 
1 International Organization for Standardization 
2 Unified Special Thread Series 
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The linear actuator top connector is a circular plate that has a screw on his bottom, in 
a way to connect it with the piston of the linear actuator (Fig. 4.17). This connection 
was already present on the actuator.  
The guiding rod will be linked with the linear actuator top connector through three 
screws (Fig. 4.19). It consists of a small bar, in which on top the test object through 
another small road will be connected in order to allow the rotation (Fig. 4.18).  
 
 
The positioning of the guiding rod on the actuator connector is not central. The guiding 
rod will flow on the hole made on the sting cap, and its axis is distant 8 mm from the 
axis of the  retaining rod, this is the smallest distance achievable between the two 
elements, in order to reduce at minimum the flow disturbance. 
The original plan was to realize the component as a unique part. The asymmetry of the 
components forced to design the parts divided as explicated before, in order to realize 
everything on the laboratory of the university, using the available tools. 
This part of the project required a lot of attention on the sizing of the components. 
Particular importance is attributed to the height of the guiding rod and of the retaining 
rod and top rod shown in the following paragraphs. 
The height of this component strictly depends on the height of the others and on the 
starting vertical position of the piston of the linear actuator.  
Figure 4.17. Actuator connector 
Figure 4.18. Guiding rod Figure 4.19. Assembly 
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The height of the retaining rod was fixed in order to place the test object on the 
optimum position on the test chamber. The turning radius came directly from the 
travel range of the linear actuator, and the length of the top connector was decided for 
structural reasons.  
In order to guarantee the total rotation required around the –y axis, the height of the 
guiding rod results to be 68.32 mm, plus 6 mm of actuator connector. 
 
4.4.5 Sting cap and retaining rod 
This component is mounted on top of the main sting.  
The top of the housing provides a flange for connection of the two elements.  
The sting cap has a hole in which the guiding rod flows and on it is fixed, throw three 
screws, the retaining rod, in the same way of the precedent component. The axis of the 
hole and the axis of the retaining rod are distant 8 mm. 
The retaining rod is a small bar directly connected with test object with a hinge. The 
connection point is the rotation center of the test object. 
Even this component was originally designed in a unique solution. For the same 
precedent reasons, in a second analysis it has been split into two parts (Fig. 4.20). 
 
 
       Figure 4.20. Sting cap and retaining rod 
 
Its height is 49.32 mm of the retaining rod, plus 5 mm of the sting cap. In this way the 
test object, linked on top, is placed on the central part of the test chamber involved by 
the flow. 
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4.4.6 Top rod and pins 
The top rod is the element that connects the guiding rod with the test object, 
transforming the linear movement of the actuator in a rotational movement of the test 
object.  
It is connected with the guiding rod and with the test object through two hinges.  
After a following FEM analysis, the top rod resulted the most stressed component of 
the structure. Because of this it required more attention on its detailed design, 
especially on the finishing edge (Fig. 4.21). The distance between the centers of the two 
holes is 15 mm. 
 
 
     Figure 4.21. Top rod 
 
On the hinges between the three rods and the test object there are three pins 2 mm 
long and with a diameter of 6 mm (Fig. 4.22). This pins have two cuts at 0.5 mm from 
the ends in order to fit the retaining rings E type. The retaining rings are necessary to 
avoid axial the movement of the pins. 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
59  
 
 
             Figure 4.22. Pin 
 
Very important in this component are the geometric tolerance on the pins and on the 
hole of the hinges. The tolerance are defined by the ISO and are necessary to take in 
account some geometrical errors during the production of the parts that can lead to 
have the real dimensions of the produced part different from the design dimensions. 
The coupling hole-pin is realized with a tolerance H7 – m6.  
Apparently this can be a risky choice for this type of movement that the two parts have 
to carry out, because it leaves space to a range of interference between the two 
elements. The reason of this choice is explained later on. 
Because of the small dimensions of the components related to this part of the project, 
the pins probably need a more accurate tolerance, because the deformation due to the 
tolerance error could be also of the same order of magnitude of the deformation due 
to the efforts on the structure, amplifying the errors on the results of the experiments.  
The problem is that a more accurate tolerance of realization for the component results 
too expensive and out of scale for the project budget, besides to be not achievable with 
the tools available in the laboratory 
To work around this problem, the project plan a tolerance for the pins that include a 
range of interference. 
According with the Professor and with the laboratory technicians, the idea is to try to 
put the pin inside its housing after the realization of the components, in a way to check 
if the fitting is with or without interference. If results any interference on the 
connection, the pins can be treated with a special abrasive paste, throw a mechanical 
treatment of rubbing, useful to eliminate microscopic imperfections presents on 
mechanical components. 
Proceeding in this manner, the pin should achieve the perfect finish, also eliminating 
any microscopic imperfections that can amplify the deformation of the components on 
top of the traversing unit, inevitably changing the experimental results. 
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4.4.6 Fairing and fairing support 
The fairing is not a structural component and is not necessary for the functioning of 
the traversing unit, but is necessary to improve the accuracy of the results of the 
experiments.  
The fairing design was generated starting from a profile NACA 0035. The profile was 
then modified according to some needs. 
To realize the aerodynamic profile with Catia®, has been reported on a Microsoft Excel® 
sheet data relating to the coordinates of the aerodynamic profile NACA0035. Was then 
created a macro, later loaded in Catia®.  
In this way, the software automatically generates the points on a plane choice. The 
points must then be connected by a spline. 
The data concerning the coordinates of NACA profiles are easily obtained on internet.  
The choice of NACA 0035 has been dictated more by sizing issues than aerodynamic 
issues. First of all the fairing must have a hole on his in order to allow the insertion into 
it of the main sting, and the outlet on top of it of the connections rod for the test object. 
The test object has to be also free to rotate of 360° around the –z axis, in each pitch 
configuration, comprised between -60° and +60°. 
For this reasons the fairing has not a regular profile for all its height.  
The top part has been cut and joined on the afterbody, in order to allow the complete 
pitching of the test object. The cutting has an angle of 60° and the length of the 
afterbody of the fairing gradually increase going from top to bottom. After a distance 
of 105 mm from top the profile reach the regular shape of a NACA 0035 (Fig. 4.23). 
 The total height of the fairing is 210 mm. The fairing will be realized with the technique 
of 3d print. 
3D printing or additive manufacturing is a process of making three dimensional solid 
objects from a digital file. The creation of a 3D printed object is achieved using additive 
processes. In an additive process an object is created by laying down successive layers 
of material until the entire object is created. Each of these layers can be seen as a thinly 
sliced horizontal cross-section of the eventual object [14]. 
The main advantage of this new technology is that each type of 3D model can be 
manufactured including those with hollow parts that could not be made by hand in 
one piece, even by the most skilled engineer or craftsperson. Parts such as bearings, 
engineering parts and complex working models can be manufactured.  
The costs are low and this technology fits in a particular way to the realization of the 
piece designed.  
The problem about this component regard how to fix it on the structure.  
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Inserted in the fairings there is the main bar that has to be free to rotate around its 
axis. The faring in contrast, must always maintain its position, with the chord of the 
aerodynamic profile parallel to the asymptotic velocity.  
The faring profile in fact is symmetric, and its rotation would result in a serious 
disturbance in the outflow, ruining the experimental results and thus totally nullifying 
its function. 
The design provide so an L shape support, directly connected with the support of the 
rotation stage (Fig.4.24).  
To connect the faring with its support, the fairing was designed with a semi-elliptical 
base.  
The connection also provides the production of a semi-elliptical disc complementary 
to the base of the fairing (Fig. 4.25).  
 
During assembly the two minor axes of the semi-ellipses are matched on the final part 
of the fairing support, provided with a protruding surface specifically designed. The 
two half ellipses are so clamped by a hose clamp. 
 
Figure 4.24. Fairing support 
Figure 4.25. Semi-elliptical disc 
 
Figure 4.23. Fairing 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
62  
 
4.4.7 Test object connection 
As seen from the above explanations, the top components of the traversing unit over 
with a fork, predisposed to fit to a complementary part and the pins, in order to realize 
the connection hinge with the test object.  
This solution has been proposed to suggest a simple connection device realizable 
and/or applicable with different kinds of test objects.  
What to do is to realize a complementary part to put on the forks that have the right 
thick and the right diameter of the hole for the pins, with of course the right tolerance. 
The only limitation is about the distance between the two holes. As shown on Fig. 4.26, 
According with the ravel range of the linear actuator, 25 mm, the turning radius can be 
maximum 10.82 mm to complete a pitching of 120 ° (±60°). 
With this turning radius a movement of the piston of the linear actuator of 20.8 µm is 
necessary to change the angle of attack of 0.1°. 
 
 
          Figure 4.26. Turning radius 
 
The propose is to realize this connection directly on the test object or to realize a small 
component equipped with the two hinges, removable and applicable on every test 
objects, with for example a simple screw connection. 
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4.4.8 Assembly design 
In order to verify the accuracy of the dimensioning and the functioning of the 
kinematics, has been realized an assembly of all the components (Fig. 4.27). 
The appropriate feature of the software CATIA® allows to set the right constraints 
between each component, so to check the effective mobility of the assembly. 
This test did not find any particular problem. 
Please note that the test object has been realized in a totally approximate way, only to 
verify its effective position into the test chamber. 
 
 
   Figure 4.27. Assembly design 
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4.5 FEM analysis and deformation impact 
All the components shown previously were verified through a FEM3 analysis, already 
mentioned in some paragraphs.  
The analysis was made in a way to verify the efforts and the deformations generated on the 
structure, in order to confirm the feasibility and reliability of the project, and in order to 
choose the right material for the production of all the components. 
The FEM analysis was realized with the software Ansys® importing the geometry realized with 
CATIA V5® on a compatible format. A single analysis on each component has been effectuated 
just to make sure, as expected, that the value of the efforts on each component was an 
admissible value for normal building materials trade. 
Once this has been verified was carried out an analysis of the deformations that occur on the 
traversing unit in different load configurations in order to identify how they influence the 
experimental results. 
This chapter show the most important results of this analysis, including an accurate analysis 
of the top pin, the component that resulted most involved in terms of stress. 
 
4.5.1 Efforts analysis on the traversing unit 
The analysis was conducted in three different pitch configurations. The loads applied 
are the maximum in each axis direction, according with the specification. This is an 
unreal situation, because if the maximum force is acting, for example, on the –x axis, 
on the -y axis cannot appear the maximum force too. This is a very cautionary analysis. 
As already mentioned the analysis has been conducted with the software Ansys®. 
For the first test was choice a constraint of type fixed support applied on the bottom of 
the main sting. The loads were applied on the upper surface of the test object with the 
command Remote Force, settings the behavior as Rigid (Fig. 4.28).  
To be thorough, the test was repeated twice. First time with positive 𝐹𝑧 component and 
the other with a negative 𝐹𝑧 component. The results about the load with positive 𝐹𝑧 
component are not reported in this paper, but resulted in accord with all other results. 
 
 
 
 
                                                 
3 Finite element method 
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The loads was divided in the following three components, in accord with the 
specification: 
 
 𝐹𝑥 = 6,5 𝑁 
𝐹𝑦 = 6,5 𝑁 
𝐹𝑧 = −16,5 𝑁 
 
 
 
                Figure 4.28. Constrains.  
 
The results are reported on the following, divided per pitch configuration: 
 
Angle of attack +60° 
The results based on the equivalent stress of Von-Mises show a maximum value of 162 
MPa on the fork necessary to link the guiding rod with the small sting that allow the 
rotation. Near this zone is present a stress of about 70 MPa. 
Along the two stings for the motion is present an almost constant stress of about 30 
MPa. 
No relevant stress appear on the housing (Fig. 4.29). 
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The analysis show also an important deformation on top of the traversing unit (Fig. 
4.30). The maximum value, not taking in count the test object, is on the hinges, and it 
is around 0.34 mm. 
Angle of attack 0° 
In this case the stress is better distributed and the maximum value of the equivalent 
Von-Mises stress is 85 MPa, in the same critical point of the precedent analysis 
Along the two small stings for the motion is present a pretty constant stress of about 
30 MPa. 
No relevant stress appear on the housing (Fig. 4.31). 
The analysis show also an important deformation on top of the traversing unit. The 
maximum value, not taking in consideration the test object, is on the hinges and is 
around 0.27 mm (Fig. 4.32). 
 
 
 
 
 
 
 
 
 
 
Angle of attack -60° 
Figure 4.29. 60° stress Figure 4.30. 60° deformation 
Figure 4.31. 0° deformation Figure 4.32. 0° stress 
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The maximum value of the equivalent Von-Mises stress is 80 MPa, in the same critical 
point of the precedent analysis. 
In this configuration the structure result, in general, less stressed. 
No relevant stress appear on the housing. The deformation is still present but in less 
quantity (Fig. 4.33). 
All the results show a values of equivalent Von-Mises stress always less than 200 MPa. 
This allows to choose the building material from a wide range of steels and aluminum 
alloys. 
The value of the deformation suggest to investigate about a building material with a 
good Young modulus, to reduce the deformations and thus reduce the error in the 
results (Fig. 4.34). 
All the tests indicate the same critical area, this suggests to refine the geometry at that 
point, trying to reduce the stress intensity.  
  
 
4.5.2 Efforts analysis on the top rod 
A fixed support constraint was applied on the bottom of the sting. The loads was 
applied on the top pin, necessary for the connection with the test object with the 
command Remote Force settings the Behavior as Rigid (Fig. 4.35).  
The loads was divided in the following three components, supposing that the entire 
load is holding by this component (cautionary analysis): 
 
𝐹𝑥 = 6,5 𝑁 
𝐹𝑦 = 6,5 𝑁 
𝐹𝑧 = −16,5 𝑁 
Figure 4.33. -60° stress Figure 4.34. -60° deformation 
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Figure 4.35. Top rod constraints 
  
The results based on the equivalent stress of Von-Mises shown a maximum value of 90 
MPa on the fork necessary to link the guiding rod with the top rod that allow the 
rotation. 
Along the small sting is present a stress of about 20 MPa. 
This results are not so far from the value of the test made on the assembly, confirming 
the goodness of the tests (Fig. 4.36). 
 
 
 
Figure 4.36. Stress on top rod 
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4.5.3 Deformation impact analysis 
The analysis was repeated in three different pitch position and with three different load 
situation.  
First of all were considered the cases in which the maximum forces act simultaneously 
on the three axis. This is an unrealistic case, for the reasons explicated on the precedent 
paragraph. Because of this, this is a cautionary analysis.  
Afterwards a more realistic load situation was investigated, applying reasonable value 
of loads on the right axis. 
After a research about the Young Modulus of the material, all the tests were 
effectuated giving in input a material with a Young’s modulus of 220 GPa. In order 
with a medium value of the Young’s modulus of the steels takes in account for the 
production. 
Young's Modulus or Modulus of Elasticity is a measure of stiffness of an elastic material.  
It is used to describe the elastic properties of objects like wires, rods or columns when 
they are stretched or compressed. 
Young’s Modulus is defined as the ratio of stress (force per unit area) along an axis 
to strain (ratio of deformation over initial length) along that axis 
It can be used to predict the elongation or compression of an object as long as the stress 
is less than the yield strength of the material [15]. 
 
𝐸 =
𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑠𝑠
𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑙 𝑠𝑡𝑟𝑎𝑖𝑛
=
𝜎
𝜀
=
𝐹
𝐴0
∆𝐿
𝐿0
=
𝐹𝐿0
𝐴0∆𝐿0
 
 
Where 
 
E is the Young's modulus (modulus of elasticity) 
F is the force exerted on an object under tension 
A0 is the original cross-sectional area through which the force is applied 
ΔL is the amount by which the length of the object changes 
L0 is the original length of the object 
 
Cautionary analysis 
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All forces attack with full intensity from all directions (forces are the maximum forces 
defined in the specification sheet). Unrealistic situation. This test was conducted just 
in a pitch position of +60°, in order to have an order of magnitude of the errors occurred 
on the results because of the deformations.  
 
Description: 
𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 =  +60° 
 
𝐹𝑧 = 16.5 𝑁  
𝐹𝑥 = 6.5 𝑁 
𝐹𝑦 = 6.5 𝑁 
 
𝐸 = 220 𝐺𝑃𝑎 
 
 Deformation in –z axis direction: this deformation has a major impact because 
of the kinematic movement through relative movement between guiding and 
retaining rod (Fig. 4.37). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛽 =  ∆𝑚 ∗ 𝑘𝑚 = 0,0010009𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎. 𝟎𝟎𝟓𝟐𝟏𝟑𝟒𝟎𝟏° 
 
Where 
 
∆𝛽 = kinematic change of Angle of Attack, -z contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value of ∆𝛽 is equivalent to a failure of 5.2% on 0.1° steps and 0.52% on 1° 
steps. 
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      Figure 4.37. Cautionary analysis –z axis 
 
 Deformation in –y axis direction: this deformation has a minor impact because 
of change of roll angel over the whole unit (Fig. 4.38). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛼 =
𝑏 ∗ 180°
𝜋 ∗ 𝑟
=
0,11603𝑚𝑚 ∗ 180°
𝜋 ∗ 400𝑚𝑚
= 𝟎. 𝟎𝟏𝟔𝟔𝟐𝟎𝟎𝟕° 
 
Where 
 
∆𝛼 =  change of roll angel 
r =  radius  =  400 mm 
b = circular arc =  maximum deformation (Assumption for r ≫ b). 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
72  
 
 
      Figure 4.38. Cautionary analysis –y axis 
 
 Deformation in –x axis direction: According to deformation in –z axis direction, 
this deformation has a major impact because of the kinematic movement 
through relative movement between guiding and retaining rod (Fig. 4.39). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛾 =  ∆𝑚 ∗ 𝑘𝑚 = 0,008086𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟒𝟐𝟏𝟏𝟕𝟔𝟓° 
 
Where 
 
 
∆𝛾 = kinematic change of Angle of Attack, -x contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value ∆𝛾 is equivalent to a failure of 42.1% on 0.1° step and of 4.21% failure 
on 1° steps. 
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                      Figure 4.39. Cautionary analyisis –x axis 
 
 
Summing the results obtained from previous calculations we can calculate the overall 
change of angle of attack: 
 
∆𝜸 + ∆𝜷 = 𝟎. 𝟎𝟒𝟕𝟑°  
 
This value is equivalent to a failure of 47.3% on 0.1° step and of 4.73% failure on 1° steps. 
 
 
Realistic analysis: 
This test were replaced with three different configuration. All configurations were 
tested with two different realistic load case, one with null load on –x axis and one with 
null load on –y axis. 
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Configuration 1 
 
Description: 
𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 =  −60° 
 
𝐹𝑧 = −6 𝑁  
𝐹𝑥 = 0 𝑁 
𝐹𝑦 = 3 𝑁 
 
𝐸 = 220 𝐺𝑃𝑎 
 
The experiment take in account realistic estimated forces, with experienced data from 
wind tunnel tests. With this configuration, the micro air vehicle is perpendicular to the 
air stream. 
 
 Deformation in –z axis direction: this deformation has a major impact because 
of the kinematic movement through relative movement between guiding and 
retaining rod (Fig. 4.40). 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛽 =  ∆𝑚 ∗ 𝑘𝑚 = 0,00028626𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟏𝟒𝟗𝟏𝟎𝟒𝟔° 
 
Where 
 
∆𝛽 = kinematic change of Angle of Attack, -z contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value of ∆𝛽 is equivalent to a failure of 1.5% on 0.1° steps and 0.15% on 1° 
steps. 
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Figure 4.40. Configuration 1 –z axis 
 
 
 Deformation in –y axis direction: this deformation has a minor impact because 
of change of roll angel over the whole unit (Fig. 4.41). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛼 =
𝑏 ∗ 180°
𝜋 ∗ 𝑟
=
0,004877𝑚𝑚 ∗ 180°
𝜋 ∗ 400𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟔𝟗𝟖𝟓𝟕𝟖𝟖° 
 
 
Where 
 
∆𝛼 =  change of roll angel 
r =  radius  =  400 mm 
b = circular arc =  maximum deformation (Assumption for r ≫ b). 
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                          Figure 4.41. Configuration 1 –y axis 
 
 Deformation in –x axis direction: According to deformation in –z axis direction, 
this deformation has a major impact because of the kinematic movement 
through relative movement between guiding and retaining rod (Fig. 4.42). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛾 =  ∆𝑚 ∗ 𝑘𝑚 = 0,0008507𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟒𝟒𝟑𝟏𝟎𝟓𝟐° 
 
 
Where 
 
 
∆𝛾 = kinematic change of Angle of Attack, -x contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value ∆𝛾 is equivalent to a failure of 4.4% on 0.1° step and of 0.44% failure 
on 1° steps. 
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                                  Figure 4.42. Configuration 1 –x axis 
 
Summing the results obtained from previous calculations we can calculate Overall 
change of angle of attack: 
 
∆𝜸 + ∆𝜷 = 𝟎, 𝟎𝟎𝟓𝟗𝟐𝟐𝟎𝟗𝟖  
 
This value is equivalent to a failure of 5.9% on 0.1° step and of 0.59% failure on 1° steps. 
 
 
Configuration 2 
 
Description: 
𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 =  −60° 
 
𝐹𝑧 = −6 𝑁  
𝐹𝑥 = 3 𝑁 
𝐹𝑦 = 0 𝑁 
 
𝐸 = 220 𝐺𝑃𝑎 
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The experiment take in account realistic estimated forces, with experienced data from 
wind tunnel tests. With this configuration, the micro air vehicle is parallel to the air 
stream. 
 
 Deformation in –z axis direction: this deformation has a major impact because 
of the kinematic movement through relative movement between guiding and 
retaining rod (Fig. 4.43). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
∆𝛽 =  ∆𝑚 ∗ 𝑘𝑚 = 0,00001636𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟎𝟖𝟓𝟐𝟏𝟒° 
 
Where 
 
∆𝛽 = kinematic change of Angle of Attack, -z contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value of ∆𝛽 is equivalent to a failure of 0.1% on 0.1° steps and 0.01% on 1° 
steps. 
 
 
Figure 4.43. Configuration 2 –z axis 
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 Deformation in –y axis direction: this deformation has a minor impact because 
of change of roll angel over the whole unit (Fig. 4.44). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛼 =
𝑏 ∗ 180°
𝜋 ∗ 𝑟
=
0,000006139𝑚𝑚 ∗ 180°
𝜋 ∗ 400𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟎𝟎𝟎𝟖𝟕𝟗𝟑𝟒𝟕° 
 
 
Where 
 
∆𝛼 =  change of roll angel 
r =  radius  =  400 mm 
b = circular arc =  maximum deformation (Assumption for r ≫ b). 
 
 
                    Figure 4.44. Configuration 2 –y axis 
 
 
 Deformation in –x axis direction: According to deformation in –z axis direction, 
this deformation has a major impact because of the kinematic movement 
through relative movement between guiding and retaining rod (Fig. 4.45). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
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∆𝛾 =  ∆𝑚 ∗ 𝑘𝑚 = 0,000032𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟏𝟔𝟔𝟔𝟕𝟖𝟖° 
 
Where 
 
 
∆𝛾 = kinematic change of Angle of Attack, -x contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value ∆𝛾 is equivalent to a failure of 0.2% on 0.1° step and of 0.02% failure 
on 1° steps. 
 
 
Figure 4.45. Configuration 2 –x axis 
 
Summing the results obtained from previous calculations we can calculate the overall 
change of angle of attack: 
 
∆𝜸 + ∆𝜷 = 𝟎, 𝟎𝟎𝟎𝟐𝟓𝟏𝟖𝟗𝟐𝟖°  
 
This value is equivalent to a failure of 0.3% on 0.1° step and of 0.03% failure on 1° steps. 
 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
81  
 
Configuration 3 
 
Description: 
𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 =  0° 
 
𝐹𝑧 = −6 𝑁  
𝐹𝑥 = 0 𝑁 
𝐹𝑦 = 3 𝑁 
 
𝐸 = 220 𝐺𝑃𝑎 
 
The experiment take in account realistic estimated forces, with experienced data from 
wind tunnel tests. With this configuration, the micro air vehicle is perpendicular to the 
air stream. 
 
 Deformation in –z axis direction: this deformation has a major impact because 
of the kinematic movement through relative movement between guiding and 
retaining rod (Fig. 4.46). 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛽 =  ∆𝑚 ∗ 𝑘𝑚 = 0,0001439𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟕𝟒𝟗𝟓𝟑𝟑𝟖° 
 
Where 
 
∆𝛽 = kinematic change of Angle of Attack, -z contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value of ∆𝛽 is equivalent to a failure of 0.7% on 0.1° steps and 0.07% on 1° 
steps. 
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Figure 4.46. Configuration 3 –z axis. 
 
 
 Deformation in –y axis direction: this deformation has a minor impact because 
of change of roll angel over the whole unit (Fig. 4.47). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛼 =
𝑏 ∗ 180°
𝜋 ∗ 𝑟
=
0,0039219𝑚𝑚 ∗ 180°
𝜋 ∗ 400𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟓𝟔𝟏𝟕𝟖𝟓𝟏° 
 
 
Where 
 
∆𝛼 =  change of roll angel 
r =  radius  =  400 mm 
b = circular arc =  maximum deformation (Assumption for r ≫ b). 
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Figure 4.47. Configuration 3 –y axis 
 
 Deformation in –x axis direction: According to deformation in –z axis direction, 
this deformation has a major impact because of the kinematic movement 
through relative movement between guiding and retaining rod (Fig. 4.48). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛾 =  ∆𝑚 ∗ 𝑘𝑚 = 0,0002915𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟏𝟓𝟏𝟖𝟑𝟒° 
 
Where 
 
∆𝛾 = kinematic change of Angle of Attack, -x contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value ∆𝛾 is equivalent to a failure of 1.5% on 0.1° step and of 0.15% failure 
on 1° steps. 
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                                 Figure 4.48. Configuration 3 –x axis 
 
Summing the results obtained from previous calculations we can calculate the overall 
change of angle of attack: 
 
∆𝜸 + ∆𝜷 = 𝟎, 𝟎𝟎𝟐𝟐𝟔𝟕𝟖𝟕𝟑𝟖°  
 
This value is equivalent to a failure of 2.2% on 0.1° step and of 0.22% failure on 1° steps. 
 
Configuration 4 
 
Description: 
𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 =  0° 
 
𝐹𝑧 = −6 𝑁  
𝐹𝑥 = 3 𝑁 
𝐹𝑦 = 0 𝑁 
 
𝐸 = 220 𝐺𝑃𝑎 
 
The experiment take in account realistic estimated forces, with experienced data from 
wind tunnel tests. With this configuration, the micro air vehicle is parallel to the air 
stream (Fig. 4.49). 
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 Deformation in –z axis direction: this deformation has a major impact because 
of the kinematic movement through relative movement between guiding and 
retaining rod. 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛽 =  ∆𝑚 ∗ 𝑘𝑚 = 0,00096507𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟓𝟎𝟐𝟔𝟕𝟕𝟑° 
 
Where 
 
∆𝛽 = kinematic change of Angle of Attack, -z contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value of ∆𝛽 is equivalent to a failure of 5% on 0.1° steps and 0.5% on 1° steps. 
 
 
Figure 4.49. Configuration 4 –z axis 
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 Deformation in –y axis direction: this deformation has a minor impact because 
of change of roll angel over the whole unit (Fig. 4.50). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛼 =
𝑏 ∗ 180°
𝜋 ∗ 𝑟
=
0,000002208𝑚𝑚 ∗ 180°
𝜋 ∗ 400𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟎𝟎𝟎𝟑𝟏𝟔𝟐𝟕𝟐𝟕° 
 
 
Where 
 
∆𝛼 =  change of roll angel 
r =  radius  =  400 mm 
b = circular arc =  maximum deformation (Assumption for r ≫ b). 
 
 
                          Figure 4.50. Configuration 4 –y axis  
 
 
 Deformation in –x axis direction: According to deformation in –z axis direction, 
this deformation has a major impact because of the kinematic movement 
through relative movement between guiding and retaining rod (Fig. 4.51). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛾 =  ∆𝑚 ∗ 𝑘𝑚 = 0,000013𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟎𝟔𝟕𝟕𝟏𝟑𝟐𝟕° 
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Where 
 
 
∆𝛾 = kinematic change of Angle of Attack, -x contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value ∆𝛾 is equivalent to a failure of 0.1% on 0.1° step and of 0.01% failure 
on 1° steps. 
 
 
Figure 4.51. Configuration 4 –y axis 
 
 
Summing the results obtained from previous calculations we can calculate the overall 
change of angle of attack: 
 
∆𝜸 + ∆𝜷 = 𝟎, 𝟎𝟎𝟓𝟎𝟗𝟒𝟒𝟖𝟔𝟐𝟕 
 
This value is equivalent to a failure of 5.1% on 0.1° step and of 0.51% failure on 1° steps. 
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Configuration 5 
 
Description: 
𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 =  +60° 
 
𝐹𝑧 = −6 𝑁  
𝐹𝑥 = 0 𝑁 
𝐹𝑦 = 3 𝑁 
 
𝐸 = 220 𝐺𝑃𝑎 
 
The experiment take in account realistic estimated forces, with experienced data from 
wind tunnel tests. With this configuration, the micro air vehicle is perpendicular to the 
air stream. 
 
 Deformation in –z axis direction: this deformation has a major impact because 
of the kinematic movement through relative movement between guiding and 
retaining rod (Fig. 4.52). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛽 =  ∆𝑚 ∗ 𝑘𝑚 = 0,0000365𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟏𝟗𝟎𝟏𝟏𝟖° 
 
Where 
 
∆𝛽 = kinematic change of Angle of Attack, -z contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value of ∆𝛽 is equivalent to a failure of 0.2% on 0.1° steps and 0.02% on 1° 
steps. 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
89  
 
 
Figure 4.52. Configuration 5 –z axis 
 
 
 Deformation in –y axis direction: this deformation has a minor impact because 
of change of roll angel over the whole unit (Fig. 4.53). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
 
∆𝛼 =
𝑏 ∗ 180°
𝜋 ∗ 𝑟
=
0,009899𝑚𝑚 ∗ 180°
𝜋 ∗ 400𝑚𝑚
= 𝟎, 𝟎𝟎𝟏𝟒𝟏𝟕𝟗𝟐𝟕° 
 
 
Where 
 
∆𝛼 =  change of roll angel 
r =  radius  =  400 mm 
b = circular arc =  maximum deformation (Assumption for r ≫ b). 
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                 Figure 4.53. Configuration 5 –y axis. 
 
 
 Deformation in –x axis direction: According to deformation in –z axis direction, 
this deformation has a major impact because of the kinematic movement 
through relative movement between guiding and retaining rod (Fig. 4.54). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛾 =  ∆𝑚 ∗ 𝑘𝑚 = 0,000124803𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟔𝟓𝟎𝟎𝟔𝟑° 
 
 
Where 
 
 
∆𝛾 = kinematic change of Angle of Attack, -x contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value ∆𝛾 is equivalent to a failure of 0.7% on 0.1° step and of 0.07% failure 
on 1° steps. 
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                                   Figure 4.54. Configuration 5 –x axis 
 
 
Summing the results obtained from previous calculations we can calculate the overall 
change of angle of attack: 
 
∆𝜸 + ∆𝜷 = 𝟎, 𝟎𝟎𝟎𝟖𝟒𝟎𝟏𝟖𝟏°  
 
This value is equivalent to a failure of 0.9% on 0.1° step and of 0.09% failure on 1° steps. 
 
 
Configuration 6 
 
Description: 
𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 =  +60° 
 
𝐹𝑧 = −6 𝑁  
𝐹𝑥 = 3 𝑁 
𝐹𝑦 = 6 𝑁 
 
𝐸 = 220 𝐺𝑃𝑎 
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The experiment take in account realistic estimated forces, with experienced data from 
wind tunnel tests. With this configuration, the micro air vehicle is parallel to the air 
stream. 
 
 Deformation in –z axis direction: this deformation has a major impact because 
of the kinematic movement through relative movement between guiding and 
retaining rod (Fig. 4.55). 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛽 =  ∆𝑚 ∗ 𝑘𝑚 = 0,00074666𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟑𝟖𝟖𝟗𝟏𝟑𝟖° 
 
Where 
 
∆𝛽 = kinematic change of Angle of Attack, -z contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value of ∆𝛽 is equivalent to a failure of 3.9% on 0.1° steps and 0.39% on 1° 
steps. 
 
 
Figure 4.55. Configuration 6 –z axis 
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 Deformation in –y axis direction: this deformation has a minor impact because 
of change of roll angel over the whole unit (Fig. 4.56). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
 
∆𝛼 =
𝑏 ∗ 180°
𝜋 ∗ 𝑟
=
0,0000067𝑚𝑚 ∗ 180°
𝜋 ∗ 400𝑚𝑚
= 𝟎, 𝟎𝟎𝟎𝟎𝟎𝟎𝟗𝟓𝟗𝟕𝟎𝟒𝟑° 
 
 
Where 
 
∆𝛼 =  change of roll angel 
r =  radius  =  400 mm 
b = circular arc =  maximum deformation (Assumption for r ≫ b). 
 
 
 
                   Figure 4.56. Configuration 6 –y axis 
 
 
 Deformation in –x axis direction: According to deformation in –z axis direction, 
this deformation has a major impact because of the kinematic movement 
through relative movement between guiding and retaining rod (Fig. 4.57). 
 
The impact of the deformation on the right functioning of the traversing unit is: 
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∆𝛾 =  ∆𝑚 ∗ 𝑘𝑚 = 0,00095𝑚𝑚 ∗
0,1°
0,0191986𝑚𝑚
= 𝟎, 𝟎𝟎𝟒𝟗𝟒𝟖𝟐𝟕𝟕° 
 
 
Where 
 
 
∆𝛾 = kinematic change of Angle of Attack, -x contribute 
∆𝑚 = relative movement between guiding and retaining rod 
𝑘𝑚 = linear to rotary motion constant = 
0,1°
0,0191986𝑚𝑚
 
 
This value ∆𝛾 is equivalent to a failure of 4.9% on 0.1° step and of 0.49% failure 
on 1° steps. 
 
 
                                Figure 4.57. Configuration 6 –x axis 
 
Summing the results obtained from previous calculations we can calculate the overall 
change of angle of attack: 
 
∆𝜸 + ∆𝜷 = 𝟎, 𝟎𝟎𝟖𝟖𝟑𝟕𝟒𝟏𝟓°  
 
This value is equivalent to a failure of 8.8% on 0.1° step and of 0.88% failure on 1° steps. 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
95  
 
Result interpretation 
 
The biggest observable failure is 8.8% on 0.1 degree steps. The highest observable 
impact is in the +60° parallel position. Because of this +60° as starting position for the 
initial heavy impact case has been chosen correctly. 
 The results are however acceptable. The values of the deformations in most cases does 
not significantly influence experimental results (Fig.4.58).  
In any case, the deformation is one of the problem that can be subject to an in-depth 
analysis in the future to implement the precision of the traversing unit. 
The kinematic movement is only regarded concerning material deformation so far, is 
not regarding tolerances in the assembly. 
 
 
    Figure 4.58. Total positioning error induced by deformation 
 
 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
96  
 
4.6 Choose of material 
Taking into account the analysis on efforts exposed in precedence, and the need to minimize 
the deformations on the unit, an investigation was conducted on the materials available. 
Due to the low value of the maximum load acting on the structure, never more than 100 MPa, 
a large list of materials is proved to be suitable for the design.  
The choice has fallen on a C45 steel (Fig.4.59).  
The choice has been driven mainly by the easy availability of this steel. However, already 
present in the laboratory. Among other things it is one of the steels with the modulus of 
elasticity greater among its peers category. 
 
 
   Figure 4.59 Choice of materials 
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5. Conclusions 
 
As presented in the report, a new traversing unit has been designed and all the calculations, 
the technical considerations and the programming elements considered necessary for the 
effective production of the assembly have been delivered within the predetermined deadline. 
As a consequence, the quality of the experimental activity can be improved, being now 
possible to obtain a more versatile and accurate computer-driven system which can perform 
measurements in different configurations. The sustaining structure developed is also capable 
of rotating around two axes, as requested, representing a remarkable improvement with 
respect to the former conditions.  
During the design it has been taken strongly into account the possibility to use the facilities 
already operative at the Department of Advanced Structures at the Technische Hochschule of 
Ingolstadt for the fabrication of components in loco, also to considerably reduce both the 
timings and the costs related to the production. 
The resulting design cannot be considered as a frozen solution of the assigned problem; on 
contrary the entire assembly has an intrinsic modular characteristic which allows further 
possible improvements. All the components are actually removable and they could be 
substituted in case a future optimization study proves a reasonable improvement of the 
performances. The possibility of easily disassembly the unit is also permitting a quicker and 
more effective maintenance. 
It must be underlined that no aerodynamic tests have been conducted to experimentally 
evaluate the performance of the faring. The first suggestion for a further optimization is then 
the investigation of the aerodynamic behavior of the mentioned component, although the 
geometry is not extremely complicated and some theoretical results are still available in this 
document/bibliography.  
In principle any user has to be able to install and use the traversing unit; for this reason an 
intuitive assembly-manual has been realized, available in the Appendix. Before proceeding 
with an experimental campaign, once that the unit is installed properly, it is however 
necessary to calibrate the aerodynamic balance depending on the specific needs. 
As previously pointed, the device has been designed exclusively for the wind tunnel of the 
Technische Hochschule of Ingolstadt, but it clearly represents a potential starting point for 
similar projects – provided that the appropriate changes are made-.  
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Appendix A 
Assembly guide 
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Traversing unit for micro air vehicle 
 
 
Assembly Guide 
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Sub Assembly 
Balance Base 
 
Components 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Instructions 
 
 
 
 
 
 
 
 
 
N° PARTS QUANTITY 
1 Balance base 1 
2 Balance support 2 
3 Cable support sting 1 
4 M6X30 UNI 6109 4 
 
 
 Connect the two balance supports with the balance 
base trough the holes A,B and C,D, using the four 
screws M6X30. 
 Screw the cable support sting in the hole E. 
 
1 
4 
2 
3 
2 
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Sub Assembly 
Rotation stage support 
 
Components 
 
    
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Instructions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N° PART QUANTITY 
1 Rotation stage support 
1 
1 
2 Rotation stage support 
2 
1 
3 M6X30 UNI 6109 4 
   
 
 Connect the Rotation stage support 1 and the 
Rotation stage support 2 through the holes A,B,C,D,E, 
using the four screws M6X30. 
3 
2 
1 
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Sub Assembly 
Linear actuator top connector and guiding rod 
 
 
Components 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Instructions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N° PART QUANTITY 
1 Linear actuator top connector 1 
2 Guiding rod 1 
3 M 1.6X8 - UNI 6107 3 
   
  
 Connect the linear actuator top connector with the 
guiding rod through the three screw M 1.6X30 
 Be sure that the hole A of the guiding rod (the one that 
has the diameter that overlaps with the axis of the 
pocket on top) coincide with the more external hole of 
the linear actuator top connector 
 
1 
2 
3 
A 
A 
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Sub Assembly 
Sting cap and retaining rod 
 
 
Components  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Instructions 
 
 
 
 
 
 
 
 
 
 
N° PART QUANTITY 
1 Sting cap 1 
2 Retaining rod 1 
3 M 1.6X8 - UNI 6107 3 
 
 Connect the sting cap with the retaining rod through 
the three screw  M 1.6X30 
 Be sure that the hole A of the retaining rod (the one 
that has the diameter that overlaps with the axis of 
the pocket on top)  coincides with the more external 
hole of the sting cap 
A 
1 
2 
3 
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Sub Assembly 
Fairing support 
 
 
Components  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Instructions 
 
 
 
 
 
 
 
 
 
 
 
 
 
N° PART QUANTITY 
1 Faring support 1 1 
2 Fairing support 2 1 
3 M 6X18 - UNI 5931 3 
 
 Connect the faring support 1 and the fairing 
support 2 through the threaded holes A,B,C using 
the three screw M 6X18 
DESIGN OF A TRAVERSING UNIT FOR MICRO AIR VEHICLE 
105  
 
1 
Assembly 
Traversing unit 
 
 
 Insert the centering pin in the hole on the bottom 
of the housing 
 
 
 
 Screw the threaded sleeve on top of the linear 
actuator 
 
 
 Screw the linear actuator top connector on the 
piston of the linear actuator 
 
 
 Insert the linear actuator into the housing, until its 
bottom touches the centering pin 
 
 
 
2 
3 
4 
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 Insert the sting cap and ensure that the slot holes 
of the sting cap overlap the holes of the housing's 
flange. If not, rotate the linear actuator and 
repeat. 
 
 
 
 Remove the sting cap and the linear actuator 
remembering the position of the linear actuator 
 
 
 Screw off the linear actuator top connector from 
the linear actuator 
 
 
 Insert again the linear actuator in the precedent 
position, until its bottom touches the centering pin 
 
 
 Insert the climbing device between the threaded 
sleeve and the housing 
5 
6 
7 
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 Screw the linear actuator top connector on top of 
the piston of the linear actuator, pull out the 
piston for an easier assembly. 
 
 
 Insert the sting cap and link with the housing 
through the holes on the flange using the screw M 
2X12, the washers A 2,2 and the nuts M2 
 Before tightening the screws, make sure that the 
pockets on top of the two rods are exactly aligned 
 
 
 Link the top rod with the guiding rod 
through the pin 2X6 and fix it with the two 
retaining rings 
 
 
 Screw the balance base on the rotation stage 
through the screws M6X18 
 
 Screw the screws of the climbing device until it 
ensures the locking of the linear actuator on the 
housing, then remove the centering pin 
10 
11 
12 
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 Put the balance on the base balance and link it 
with the balance support through the screws 
M6X65, the nuts and the washers 
 
 
 Insert the housing on the balance 
 Climb the housing 
 
 
 Insert the fairing from the top of the traversing 
unit 
 
 
 Link the faring with the fairing support through 
the semi elliptic device, using an hose clamp 
 
 Screw the rotation stage and the faring support on 
the rotation stage support, using the M6X35 
screws, the nuts and the washers 
15 
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 Screw the rotation stage support on the rail of the 
test chamber 
 
 
 Link the test object on the top of the traversing 
unit through the pins 2X6 and the retaining rings 
 The traversing unit is ready to be used 
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Appendix B 
Technical drawings 
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